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(57) ABSTRACT 

In a method for manufacturing a semiconductor device, an 
N type single-crystal silicon substrate having a ?rst silicon 
oxide ?lm and a P type poly-crystal silicon layer is provided. 
A silicon nitride ?lm is formed on the P type poly-crystal 
silicon layer. Aside Wall of the silicon nitride ?lm is formed 
in an opening in the P type poly-crystal silicon layer above 
a portion expected to provide an active region. The ?rst 
silicon oxide ?lm has an opening therein Which is larger than 
the opening formed in the P type poly-crystal silicon layer. 
Then, an N type IV-group semiconductor mixed crystal layer 
having a smaller band gap than silicon to a desired thickness 
is groWn on the single-crystal silicon substrate on Which a 
surface of the portion expected to provide said active region 
is exposed. Anon-doped single-crystal silicon layer is groWn 
on the IV-group semiconductor mixed crystal layer to a 
desired thickness. Then, boron is diffused at a desired 
concentration from a surface of the non-doped single-crystal 
silicon layer. A side Wall containing a second silicon oxide 
?lm is formed on an inner side of the side Wall of the silicon 
nitride ?lm. Finally, a phosphorus-doped N type poly-crystal 
silicon layer is groWn throughout on the surface to perform 
processing and phosphorus diffusion on said N type poly 
crystal silicon layer in order to provide an emitter electrode. 
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METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE EMPLOYING SOLID 

PHASE DIFFUSION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method for 
manufacturing a semiconductor device and, more particu 
larly to, a silicon-based heterodyne-junction bipolar transis 
tor made of silicon or germanium mainly. 

[0002] The performance of an operating speed of the 
bipolar transistors depends on a variety of kinds of parasitic 
resistance and parasitic capacitance and also a carrier transit 
time in an intrinsic base region. These items can be classi?ed 
into a feW factors, of Which the base resistance (Rb), the 
collector-base junction capacitance (Ctc), and the carrier 
transit time in the intrinsic base region (IF) may be said to 
be highly contributive parameters. The parameter "5F is 
closely related to a maximum cut-off frequency (fTmaX) 
Which is a measurement value. The device construction of 
the transistors may be said to have been developed along a 
guideline for improving these parameters. 

[0003] The speci?c method to improve the parameter 
fTmax is to reduce a base Width, so that in a typical vertical 
device construction an important technology has been hoW 
to form a shalloW junction base in the developments of 
high-speed bipolar transistors. A base junction With a depth 
of 0.1 pm or less has been realiZed by an ion injection 
method of injecting ions of boron or boron di-?uoride (BF2) 
at injection energy of 10 KeV, a solid phase diffusion method 
of diffusion from a solid phase of boron glass, etc. and so is 
mass-produced presently With an fTrnaX value of 30-50 GHZ 
or so. 

[0004] A trial to further reduce the thickness of the base 
layer by promoting these technologies leads to a problem of 
deteriorated punch-through breakdoWn voltage. The punch 
through breakdoWn voltage refers to such a punch-through 
phenomenon that a reverse-biased voltage applied to the 
collector causes a collector’s depletion layer to spread and 
reach an emitter’s depletion layer and so occurs more 
frequently as the base layer is more reduced in ?lm thick 
ness. To avoid this phenomenon, it is indispensable to 
increase the concentration of a base carrier. An increase in 
the base carrier concentration, hoWever, decreases its ratio 
With respect to an emitter carrier concentration already set at 
a solid solution level to increase a degree of reverse injection 
of holes from the base layer to the emitter layer, thus 
decreasing a current ampli?cation factor, Which is a ratio 
betWeen a base current and a collector current. This provides 
a physical limit of the performance of the silicon (Si)-based 
bipolar transistors, so that a practical speed performance 
limit of this type of devices has generally been considered to 
be 70-80 GHZ as f 

TrnaX ' 

[0005] To break through this performance barrier Which 
has been considered to be a limit, such a technology has been 
suggested by IBM near the end of 1980s. It is an invention 
of a silicon-germanium hetero-junction bipolar transistor 
(Si—Ge-HBT). The present invention is based on such a 
technology that Ge having a smaller band gap (Eg) than 
silicon is mixed into the base layer by about 10% to thereby 
narroW the band gap (Eg) of the base layer. Since Si and Ge 
have a band gap difference therebetWeen, the composition 
ratio can be changed from 0% to 100% continuously through 
thorough solid solution to Si. 

Oct. 2, 2003 

[0006] A literature says that in the strain state (range in 
Which the lattice is not relaxed), a band gap change With 
respect to a Ge composition is —7.3 meV/Ge % for pure Si. 
Taking into account that thermal energy of the room tem 
perature is about 27 meV, even such a degree of band gap 
difference makes up a potential barrier against reverse 
injection of holes from the base to the emitter, thus providing 
a factor that can independently control an injection ef? 
ciency, Which has been determined by a difference in carrier 
concentration betWeen the emitter and the base. As a result, 
even in a case Where the carrier concentration ratio is 

reversed betWeen the base and the emitter, it is possible to 
obtain a current ampli?cation factor (hFE) of 100 or more. 

[0007] As mentioned above, an HBT With a base band gap 
reduced by mixture of Ge into Si is capable of avoiding a 
decrease in the current ampli?cation factor even With an 
increase in the base concentration to thereby further reduce 
the ?lm thickness of the base Width, thus resulting in a great 
increase in the fTmaX. Furthermore, it can enjoy a decrease in 
the resistivity of the intrinsic base, thus improving the 
overall speed performance indicated by fT (RbXCtc). 

[0008] The folloWing Will describe a manufacturing 
method and a pro?le structure by use of a typical conven 
tional technology. FIG. 19 shoWs a pro?le structure. FIG. 
20 shoW cross-sectional vieWs of a transistor before and 
after the base layer undergoes selective epitaxial groWth. In 
order to improve the performance including external base 
resistance, a described self-alignment type construction of 
transistors is necessary. First, in a P type Si substrate 1901 
With surface orientation (100) is formed a buried N+ type 
layer, on a surface of Which is groWn an N type epitaxial 
layer. On the Si substrate 1901 are also adhered a thermal 
oxide ?lm 1902, and a boron-doped poly-crystal silicon 
layer 1903 sequentially. An opening is formed through the 
boron-doped P+ type poly-crystal Si layer 1903 and the 
thermal oxide ?lm 1902, after Which a silicon nitride ?lm 
1904 is adhered and etched in an anisotropic manner to form 
a side Wall (SW) formed of a nitride ?lm and a silicon nitride 
?lm SW1905 as shoWn in FIG. 20A. 

[0009] Then, a Si—Ge layer and a Si layer are groWn in 
an selective epitaxial manner. Prior to this selective epitaxial 
groWth, the surface is cleared of a natural oxide ?lm adhered 

thereto by Washing it With diluted hydro?uoric acid and then thermally treated at 900° C. in a hydrogen atmo 

sphere With Water and oxygen regulated at 10 ppb or less at 
15 Torr for ?ve minutes or so. This thermal treatment is 
carried out to completely remove the natural oxide ?lm 
formed after Washing With HF. Then, the temperature is 
loWered to 650° C. or so, after Which are introduced di 
chloro silage (SiH2Cl2) as a Si source gas, germanium 
hydride (GeH4) as a Ge source gas, phosphorous hydride 
(PH3) as an N type doping gas, and diborane (BZHG) as a P 
type doping gas, folloWed by a hydrogen chloride (HCl) gas 
to reserve groWth selectivity With respect to the silicon 
nitride ?lm and the silicon oxide ?lm, thus carrying out 
epitaxial groWth. 

[0010] In a ?rst process step of groWing the Si—Ge layer, 
the Ge concentration is controlled to have a gradient such 
that it may be 15% on the collector and 5% on the emitter 
side. This control is conducted by changing a How rate of 
GeH4 continuously. The groWth rate in this temperature 






















